INTRODUCTION
part of the scientific methods. This can only be done by statistically combining Occupational exposure to formaldehyde can occur during information from independent studies Epidemiology Division, its production and during its use in the production of end examining the same question. The products in the governmental industry, in the building term applied to the techniques for material industry and in laboratories. Several published the aggregation and synthesis of prior reports, research papers and industrial experience suggest research is known as meta analysis. that exposure to formaldehyde is associated with adverse
The goal of the methodology is to bring effects on respiratory health. Recent review of the studies [1- together results of different studies, 4] have indicated that the respiratory tract especially the re-analyze the disparate results within upper respiratory tract is a critical target of the toxicity the context of their common end points, of airborne formaldehyde by the acute controled exposure increase in sensitivity of the analysis to human studies, by studies of humans exposed actually or detect the presence of exposure effect repeatedly under occupational or residential conditions and provide a quantitative precise and by studies of animals exposed by inhalation for acute, estimates based on the combined intermediate and chronic durations. Regarding pulmonary data. The detailed rationale for meta function assessment studies in controlled exposure analysis in medical studies has been studies [5] [6] [7] in formaldehyde exposed workers during workday set out elsewhere.
[ 
MATERIALS AND METHODS

Identification and inclusion criteria of different Studies
Information on the studies and references by giving key words namely occupational exposure, formaldehyde and pulmonary effects in different search engines were collected. The studies were further screened and only those have been included in meta analysis which have investigated the association between exposure to formaldehyde and respiratory outcomes (lower and upper respiratory symptoms, pulmonary function ascertaining the homogeneity of odds ratio between different studies by Chi square statistics. [27, 28] To identify potential outlier studies, a graphical display method by Mullen et al [30] was used. For studies with continuous outcome (Lung functions) the effect size was calculated as the difference in mean values between the exposed and control groups divided by standard deviation (SD) for the control group. Mean exposed -mean control
The mean effect size and 95% confidence were calculated as abnormalities). After thorough screening we located 16 per Abramson et al., 1995. [31] published epidemiological studies for meta analysis. The details of these studies including author, study-type, country
RESULTS
and type of industry are provided in Table 1 . Mostly all studies were cross-sectional and exposed subjects were industrial Qualitative review for formaldehyde exposed workers. Each of the quantitative estimates were scrutinized studies. for problems. Out of the 16 studies, four studies [11, [24] [25] [26] were Several studies have concentrated on inhalation exposure to further dropped for nonavailability of the quantitative data formaldehyde and its effects on respiratory system. of either exposed or controls subjects. Only 12 studies were considered for meta analysis. The meta analysis was a) In a cross-sectional study of 186 plywood workers [10] performed assuming that the effects in the form of odds ratio formaldehyde exposure (avg. 1.13 ppm) was associated and lung functions reported in the studies can be seen as a with increased complaints of cough, phlegm production, random sample of the effects observed in all possible studies asthma, chronic bronchitis and colds. Decrement in FEV1/ that had met our criteria for selection of studies.
FVC ratio in exposed subjects compared to controls was significant. b) A study of carpentry shop workers [24] found an increased Epi-stat software was used to calculate the individual study prevalence of upper airway irritation compared to controls odds ratio by making use of the Mental-Haenszel method.
with typical symptoms including burning sensation in the Where entries in any of the 2 x 2 table were 0, log odds ratio eyes and throat along with chest tightness. Pulmonary and weights for that table were not defined, in such cases function testing performed on each subject both prior and 1/2 was added to each cell before calculating odds ratio and following work, showed a significant decrease in FEV1 and weights. [27, 28] The combined risk ratios and 95% confidence FEV1/FVC ratio. intervals were calculated as per Piegorch et al. [29] after c) A study of 47 wood workers [32] exposed to formaldehyde (0.47 mg/m 3 ) showed significantly higher complaints of was observed in exposed subjects compared to controls.
Sweden Do Wood workers 1988
A significant decrease in FEV1% was also observed in the Do Particle board 1988
exposed population over the five-year interval, [20] however,
Data analysis
Reference (no)
Alexanderson [20] Levine [31] Burge [29] Johnson [36] Alexanderson [16] Horvath [21] USA Imbus [37] USA Do Standboard production 1988 Alexanderson [30] Sweden Cohort Woodworkers 1982 Kilburn [11] USA Cross-sectional Histology technicians 1985 Holness [9] Canada Do Funeral service workers Malaka [10] Europe Do Plywood workers 1982 Nunn [35] Europe Do Urea formaldehyde resin 1990 Khamgoankar [17] India Do Anatomy / pathology 1991 Chia [34] Singapore Do Medical students 1992 Akbar [12] USA Do Medical students 1994 Hussain et al. [38] India Do Paper mill 1995 these decrements returned to normal after four weeks of non-exposure showing reversibility of pulmonary function impairment following cessation of exposure. No significant differences in lung functions (FVC, FEV1 and FEV1/FVC) were observed in exposed subjects compared to control group of subjects. d) In a cross-sectional study symptoms of chronic bronchitis, dyspnea, nose and throat irritation were reported more frequently by 84 funeral service workers compared to a cross-sectional study of 38 nonexposed controls. [9] The mean formaldehyde level measured was 0.36 ppm which No pulmonary function changes were observed. Similar findings were observed in a cross-sectional study of morticians. [33] e) A study of spray painters exposed to acid-hardening lacquers [16] containing formaldehyde demonstrated increased symptoms of upper respiratory tract (nose and throat irritation) following a mean exposure level of formaldehyde of 0.48 mg/m 3 (range 0.14-2.60 mg/cum). Lung function was decreased by 0.21 L and 0.24 L in the exposed group in FEV1 and FVC respectively compared to were possibly not only due to formaldehyde alone but the presence of respirable particles of wood dust. b) A six-year follow-up study [26] of 164 workers exposed to formaldehyde failed to establish any association with increased respiratory symptoms and impairment in lung functions. The workers were exposed to a concentration of formaldehyde ranging between 0.1 ppm and 2.00 ppm. c) In an another study for assessing the effects of formaldehyde on 78 workers from iron and steel foundry [36] were compared with 372 railway yard workers (controls). Complaints of f) nonexposed control group. No change was observed post phlegm production, breathlessness and chest tightness shift in the exposed workers.
were found to be significantly higher in smokers among A Danish study of respiratory symptoms [25] among cabinet foundry workers compared to smokers in controls. Mean makers and carpenters found an increased prevalence of FEV1 was lower in foundry workers than in controls. Since cough, phlegm and dyspnea among lacquerers compared the foundry workers were exposed to MDI (Methylene to nonlacquerers. Potential exposure to other toxins limits Diphenyl Isocyanate), phenol and silica particles along with the interpretation of association to organic solvents.
formaldehyde, it was difficult to attribute the decrease in g) A study of histology technicians exposed to formaldehyde pulmonary functions due to formaldehyde only. and xylene observed reduction in pulmonary functions. [34] d) A cross-sectional study of 176 workers in the phenolVital capacity was significantly reduced among subjects formaldehyde-resin coated wood industry [37] aged 20-60 compared to control population. no association of cross-shift pulmonary function and h) A cross-sectional study of medical students in Singapore [35] formaldehyde exposure. The exposure of formaldehyde reported increased complaints of mucous membrane was low (≤0.05 ppm). The selection bias in studied subjects irritation after dissection without decrement in FVC and and confounding effects of wood dust exposure limits the FEV1. The average concentration of formaldehyde was 0.74 interpretation of the data. ppm, with a peak value of 1.2 ppm. e) In a study of workers exposed to formaldehyde in a In an another cross-sectional study in India [17] of 148 melamine house in a security paper mill in India along anatomy and histopathology workers significant pulmonary with 27 controls, [38] increased symptoms of cough and function decrements, along with increased complaints of dyspnea were observed in the exposed subjects compared productive cough, breathlessness and chest tightness were to those in controls. Pulmonary function abnormalities found. The average concentration of formaldehyde was 1 were observed in 40% of the exposed subjects compared ppm.
to 4.5% in controls. Lung functions were significantly lower In a study of 34 nonsmoking medical students and in exposed subjects compared to unexposed controls. instructors [12] and 14 participants not exposed to formaldehyde, no significant changes were observed in Meta analysis of respiratory symptoms as outlung functions (FVC, FEV1, FEV1/FVC) between the two comes groups, however there was a post shift decline in exposed Data of respiratory symptoms (upper and lower) pertaining workers in lung functions. There were also significant rise to all the studies considered for meta analysis in control and in complaints of eye, nose and throat irritation in exposed exposed subjects along with odds ratio are presented in Tables group in comparison to controls. Mean concentration of 2a and 2b. Lung function data in exposed and control subjects formaldehyde was 1.24 ppm, which ranged between 0.1 in various studies are presented in Table 3 .
ppm and 2.94 ppm.
Studies on workers exposed to formaldehyde confounded by other toxins a) A cross-sectional study of 109 particle board workers (exposed) and 254 food processing workers (controls) revealed no change in base line pulmonary functions but statistically significant fall was observed across a work-shift in the exposed workers.
[32] Moreover there were increased complaints of cough, phlegm production and burning sensation in the eyes, nose and throat in the exposed subjects. The mean formaldehyde concentration in the particle board facility was 0.62 ppm. The effects The odds ratio in most of the studies, where the workers were exposed to formaldehyde, for dry cough ranged between 1.8 and 2.8 and for productive cough it ranged between 1.41 and 4.76 [ Table 2a ]. The combined odds of dry cough and productive cough were 2.18 (95% CL 2.11 to 2.25) and 2.37 (95% CL 2.29 to 2.47) respectively [ Table 4 ]. Odds of dyspnea in most of the studies ranged between 1.74 and 10.30 except in a few studies [12, 36] where the odds were low [ Table 2a ]. Pooled estimate of the odds for shortness of breath was 2.91 with 95 per cent confidence limits from 2.74 to 3.08.
For chest pain/tightness/ oppression, the studies showed The increased odds ratio for respiratory symptoms such
E=Exposed cases, C=Control cases as dry/productive cough, dyspnea, chest tightness indicate that workers exposed to organic solvents are prone to increased odds ranging between 2.78 and 10.83 where in upper respiratory tract infections (URTI) compared to lower one study (9) odds was low where in some studies [10, 12, 36] no respiratory tract infections (LRTI) associated with insignificant symptoms were reported in exposed and control populations. decrease in spirometric variables. Most of the studies have shown no significant relationship between chronic bronchitis and other COPD cases on exposure to organic solvents. estimate of the odds was 2.77 (95% CL 2.67 to 2.89). Odds of more than two for asthmatic symptoms like wheezing were
The present study on meta analysis is based on aggregate reported in four studies [9, 12, 17, 39] and no symptom of wheezing patient data (APD) and more than 90% studies are on APD was reported in three studies. [16, 32, 36] The combined odds ratio compared to individual patient data (IPD) though the later estimate was 1.85 with 95% confidence range 1.70 to 2.02 [Table  studies are considered better to summarize the results of 4]. Odds ratio for chronic bronchitis due to exposure to solvents multiple studies however the resource time and cooperation of more than two was reported only in three studies. [9, 10, 37] In required for such studies will continue to limit its use. The a study done by Johnson [37] the presence of methyl diphenylstatistical methods however for estimating summery effect isocyanate, phenol, silica and formaldehyde were responsible measure are essentially the same for both the approaches. Overall pooled for increased prevalence of chronic bronchitis and other respiratory symptoms. However, there were two studies [9, 10] which showed definite association of chronic bronchitis with formaldehyde exposure however overall odds for chronic bronchitis was found to be lower (1.19). Symptoms of upper respiratory tract (irritation of eyes, nose and throat) were more prevalent in exposed than in controls almost all the studies reviewed as evidenced in Table 2b and by the pooled odds ratio of 5.04 (95% CL 4.64-5.48) [ Table 4 ]. The effect of organic solvents exposure upon lung functions are summarized in Tables 3 and 5 . Most of the studies showed fall in lung functions
The limitations of meta analysis are thoroughly discussed by Layman et al. [39] So APD analysis continue to be the mainstay of systematic reviews utilized by US preventive service task force and by many professional societies as they are cost-effective, more frequently completed and also considered relevant and valid to editors, reviewers and readers.
The very purpose of lung functions in pulmonary medicine and clinical symptoms pertaining to lower and upper respiratory tract is to assess the level of bronchial obstruction in cases. Hence FVC and FEV1 are periodically and serially used in which may be because climatic conditions [40] and nutritional and genetic factors [41] contribute to increased lung and chest cage size. Studies [42] show that mechanical properties of the Indians have a lower VC 30 to 35% in males than lungs of a comparable European population. The anthropometric evidence suggests that those of whites of European descent for a given height have a 13.2% larger chest volume at full inspiration than blacks and this may also account for the differences in VC and FEV1 between blacks and whites. 
